Intellectual capital plays a central role in smart cities. The aim of this paper is to apply the recently developed model based on intellectual capital to measure and manage cities' competitiveness. This model is applied to cities in Castilla-La Mancha and another 19 Spanish cities, enabling a comparative analysis between these cities. To this end, the study presents a synthetic indicator that allows us to rank Spanish cities based on available information and propose a comprehensive management strategy that addresses both tangible and intangible competitiveness. From the results, it can be concluded that the cities of Castilla-La Mancha feature excellent human capacities and a good quality of life but that there is room for improvement in terms of city infrastructure and planning.
INTRODUCTION
The knowledge economy requires information and management systems that can evaluate and control intangible capital as a principal source of cities' competitiveness. This supposes a growing need for tools that enable a comprehensive future vision of: living conditions, comprehensive training and human development, as well as the available infrastructure and its efficient use, determining factors when it comes to choosing a residence.
In the knowledge society, information takes on a key role via information and communication technologies (ICT) . These have helped create a new industrial model and the development of a new sector based on telecommunications and computer programmes, along with the application of these new technologies to different industries. This "revolution", such as it has been termed by many authors (Romer, 1986) , has created a globalised world of greater competition, where a new division of labour has emerged based on global production chains with outsourced activities.
This knowledge economy is creating a situation in which the world's population is increasingly moving towards urban areas, with a growing number of associated problems including pollution, energy supply issues, security, overcrowding with its consequent impacts on security, health services, increased traffic, and so on. Consequently, a new dimension is emerging and cities must reorient themselves accordingly. This concept is becoming known as a "Smart City", in other words, a city that knows how to properly manage its intangibles. As the research and consulting organization Frost and Sullivan argued in 2013 (Frost & Sullivan, 2013) , eight key aspects define such a city: government, energy, buildings, infrastructure, mobility, technology, healthcare and intelligent citizens. That is to say, it is a metropolitan area that facilitates interaction between its citizens and various institutional, urban and technological elements, making everyday life easier and allowing access to education and culture, all tied in with sustainable environmental development. The accompanying use and application of ICT provides the city with an infrastructure that improves citizens' quality of life and encourages their active participation in city life, as well as enabling sustainable development and resource efficiency.
We thus have economically, socially and environmentally sustainable cities born out of a knowledge-based economy. Their defining characteristics are therefore related to the growth engines of this intellectual capital such as innovation, technology and human capital (the collective intelligence of the community). At the same time, it is crucial to know how to manage all this in such a way as to create a harmonious relationship between all these aspects. Consequently, we must establish measures for all endogenous factors, both tangible and intangible, of an economic and social space in order to estimate its capacity for growth and thus its competitiveness.
These measures are based on the elaboration of an index that has several dimensions and it can be classified according to the dimensions used as: general or growth; human development; and sustainability indices. In this paper, we apply a more general model proposed by López-Ruiz, Alfaro-Navarro, and Nevado-Peña (2014) for measuring and managing intellectual capital in Castilla-La Mancha and another 19 cities, with available information, in Spain. This model will help meet the challenges posed, moving from a traditional management to an integrated management. The different types of capital offer a medium-and long-term perspective and comprehensively address the people who occupy the space, the necessary infrastructure and appropriate management of the surroundings; we thus go beyond the concepts of human and social capital of smart cities employed by other academics. To this end, we first address the components of intellectual capital in cities, we then present the measurement model, and lastly, we carry out a practical comparative application between the cities of Castilla-La Mancha and other Spanish cities.
A BRIEF REVIEW OF THE SMART CITY CONCEPT
There is no universally-accepted definition of the Smart City concept, although Albino, Berardi, and Dangelico (2015) and Alfaro Navarro, López Ruiz, and Nevado Peña (2017) provide an extensive review of different interpretations of a Smart City. In this sense, it is important to bear in mind, as Caragliu, Del Bo, and Nijkamp (2011 ), Deakin and Al Waer (2011 ), Nam and Pardo (2011 ) and Townsend (2013 do, that there are a number of analogous terms to describe such cities, such as: "digital" (Ishida, 2002; Klein & Kaefer, 2008); "intelligent" (Komninos, 2008; Nam & Pardo, 2011; Washburn et al., 2010) ; "virtual" (Schuler, 2002) , "wired" (Bakıcı et al., 2012; Ghaffarian Hoseini et al., 2013) ; or "ubiquitous" (Greenfield, 2006; Townsend, 2013) , but these refer to more specific facets of a city and are included in the broader concept of a Smart City. Lombardi et al. (2011) state that a Smart City is one where investments in the human and social capital of modern ICT communication infrastructures provide the intelligence required underpinning economic growth and creating a platform of wealth creation, and where standards of governance support a high quality of living. It therefore represents an integrated vision of the term that goes beyond citizens' use of said technologies.
According to Deakin (2014) and his Triple Helix model, the Smart City concept refers to when the ICTs of future internet developments successfully embed the network society needs in order not only to generate intellectual capital, but also to cultivate environmental capacity, ecology and vitality, along with a decision-making system based on direct democracy and participatory governance. In this sense, Komninos (2008) makes the case that the intelligence of cities lies in the ever more efficient combination of digital telecommunication networks (the nerves), integrated with intelligence (the brain), sensors (the sense organs) and software. Similarly, Gooch, Wolff, Kortuem, and Brown (2015) and Coe, Paquet, and Roy (2001) believe that a Smart City is evolving towards a close integration of all the dimensions of human intelligence, collective intelligence and artificial intelligence within the city.
Returning to the Triple Helix model, Leydesdorff and Deakin (2011) consider that evolution towards an intelligent city depends on the interaction between the intellectual capital of universities, the industry of wealth creation and participatory governance as part of the democratic system that forms the rule of law. In the words of Deakin (2014) , the goal, therefore, is to "generate intellectual capital and create wealth as much from the cultural attributes and environmental capacities of knowledge production, as the economic transactions which in turn relate such ICT-related developments to their emerging regional innovation systems".
In addition to new technologies, the role of human capital in developing smart cities with improved economic, social and environmental sustainability has been considered by Giffinger et al. (2007) , Nam and Pardo (2011) or Neirotti et al. (2014) .
Thus, Leydesdorff and Deakin (2011) highlight the importance of intellectual capital in Smart Cities and Dameri and Ricciardi (2015) suggest that the intellectual capital approach might be used to study the phenomenon of Smart Cities from a management perspective. Working towards the same goal of conceptual development and based on the intellectual capital approach, this paper aims to establish a measurement tool for Smart Cities that accounts for all the relevant dimensions.
These dimensions are key but there is no consensus in the literature as to the dimensions that should be considered; Barrionuevo, Berrone, and Ricart (2012) , Chourabi et al. (2012) , Kourtit and Nijkamp (2012) , López-Ruiz et al. (2014) , Angelidou (2015) , and Dameri and Ricciardi (2015) all propose different kinds and numbers of dimensions based on intellectual capital. A review of the most widely-cited papers has been provided by Uziene (2013) , who proposes three broad dimensions: human, structural and relational, and the applied model of López-Ruiz et al. (2014) and Alfaro Navarro et al. (2017) , who use two dimensions for the human component and five for the structural one. In this paper, we use the dimensions suggested by López--Ruiz et al. (2014) and Alfaro Navarro et al. (2017) and propose a system of measuring and managing the intangible capital found in cities. Using this system, we are able to measure cities' intellectual capital and present an application to Spanish cities.
COMPONENTS OF INTELLECTUAL CAPITAL IN KNOWLEDGE CITIES
It is important to determine a methodology for calculating knowledge city index values or growth capacity; in this respect, the intellectual capital method can be a very valuable management tool. In this paper, we present a knowledge--based model for smart cities that draws on all sources of knowledge, and which allows us to define a city's growth capacity. The intellectual capital of a city is made up of knowledge in a number of different areas: human resources, infrastructure efficiency, mobility, accessibility, business, image, quality of life, tourism, innovation and environmental sustainability, all of which enable smart, sustainable growth and competitiveness capacity. This information is summarised in an index that determines competitiveness and ranks the cities analysed. To measure these intangibles for a city, we must refer to the following types of capital defined by López-Ruiz et al. (2014) • Social/human capital (HC) is essential for urban development; the concept of a knowledge-based city implies that its population grows intellectually, understanding how to adapt to their environment. Therefore, HC comprises individual resources (population and opening to foreign people and households); and social conditions (health, safety, labour market, education, and culture). Key features thus encompass social inclusion in terms of public services, where citizens are integrated through a single computer system, such as the use of smart cards, or using community and collaboration to solve problems (Komninos, 2013) . Other important social factors include live cultures and evolutive capacities, as outlined by Carrillo (2004) .
• Process capital: infrastructure efficiency, mobility and accessibility (PC). It is essential to establish excellent infrastructure and use it efficiently in order for a city to achieve healthy economic, social, and cultural development. Schiuma and Lerro (2008) examine infrastructural assets that are tangible in nature but which play a fundamental role in the diffusion of knowledge. However, process capital should also be linked to the local population's effective participation in local government through processes of open innovation and e-participation (Hollands, 2008) , together with improvements in the collective intelligence of city institutions by means of e-government, with emphasis on citizen participation and co-design (Ballon, et al. 2011 and Deakin, 2007) . In other words, this style of governance requires information to be openly shared via ICT, in order to facilitate citizens' involvement in the definition of public policies. Our position is in line with Komninos (2015) , when he refers to smart environments, or intelligent cities, as environments of innovation and collaborative problem-solving. Although, our process capital also encompasses elements of planning, strategy and governance of intelligent cities.
• Commercial capital (CC) or establishing strategies in a competitive environment. Cities create strategies to boost local prosperity and sector competitiveness, using ICT to facilitate urban expansion by creating new businesses. Falconer and Mitchell (2012) considered that the economy is the key component in the development of smart cities with respect to companies or the government. It makes no sense to develop a "Smart City" that ignores business fundamentals. This dimension also forms one of the helixes in the neo-evolutionary model of Smart City proposed by Leydesdorff and Deakin (2011) .
• Image capital: tourism, culture and quality of life conditions (IC). A good external image can help attract knowledge. In order to create such an image, improving quality of life should be paramount, along with efficiency. A Smart City should aim to provide benefits at all levels, with the biggest challenge being the effective implementation of all the large-scale solutions and technologies available. Falconer and Mitchell (2012) argue that the main obstacles to such an implementation tend to be governments, and in the case of some cities, a lack of funds.
• R&D capital (RDC). A key role is played here by the creative and high-tech industries as they contribute to long-term urban growth. Training, adaptation and innovation help improve a city's intelligence and thus allow a quick, effective response to changing circumstances (Deakin & Allwinkle, 2007) . In short, this capital involves innovation in industries, knowledge workers and creation of knowledge-intensive companies. In addition, ICT takes on a special role by establishing a network of sensors to measure various parameters that facilitate better management of a particular area (Asín, 2011) . Accordingly, collected data are transmitted in real time and are available to both the authorities and citizens.
• Environmental capital (EC), that is, sustainable cities. Sustainability is a key strategic component, along with educating people about leading less consumerist lifestyles, an energy mix with renewable energy, sustainable housing with smart energy meters to raise awareness about energy consumption, trash compactors, car charging stations, energy-saving lights, waste treatment, etc. All of these are vital to achieving and ensuring a safe, renewable exploitation of a city's natural heritage. Sustainability is not typically treated as an isolated dimension in the model, but rather as part of a capital whether instrumental as in Carrillo (2004) or relational as in Uziene (2013) ; however, in the model of López-Ruiz et al. (2014) , it is already accounted for within the structural or "non-human" dimensions.
MODEL FOR MEASURING CITIES' INTELLECTUAL CAPITAL
Based on the approaches discussed in the previous section, and with reference to the model developed by López-Ruiz et al. (2014) with 19 dimensions and 73 indicators, we apply this model on cities' competitiveness. Following the intellectual capital (IC) approach developed by López-Ruiz et al. (2014), two major groups of intangible capital are identified: human capital (HC) and structural capital (SC) or "non-human" capital. They also include residual capital (RC) as a measurement or specification of the error for the capitals of each city "c", including two sources of error stemming from: a) the use of other possible intangible sources, and b) the method of measurement through the specified variables. For IC, we thus obtain Equation 1.
(1)
To calculate intellectual capital, López-Ruiz et al. (2014) use a geometric mean with α and β as weights, in order to obtain the two types of capital (human and structural). Given that it is impossible to directly assign weights to each indicator, they are transformed into principal components as follows in Equation 2: (2) where ui are the characteristic vectors of all the principal components and xi are the variables used to construct the different types of capital. Therefore, they use an objective procedure to establish the weights by means of a principal component analysis that enables us to assign weights to each indicator.
Once these components have been determined, López--Ruiz et al. (2014) (4) where KCI is the index defined for the cities "c", and α, β are the parameters for the components of capital estimated by means of statistical methods (principal component analysis). The residual principal is not included in Equation 4 because in order to measure KCI, it is taken as zero; that is, the mean of the variable, normally distributed with zero mean, constant variance and no correlation.
APPLICATION OF THE MODEL TO CITIES IN CASTILLA-LA MANCHA AND COMPARISON AT A NATIONAL LEVEL
Our intention below is to apply the model to 26 cities across Spain, in an exploratory and descriptive way (Figure 1 ).
Since it is relatively difficult to obtain information at city level, the indicators have been selected according to the available information. Thus, the information was sourced from 
FIGURE 1 Application Model
Eurostat (Urban Audit Project) and was obtained directly for the seven cities in Castilla La Mancha: Albacete (AB), Ciudad Real (CR) and Puertollano (PU) in the province of Ciudad Real; and Cuenca (CU), Guadalajara (GU), Toledo (TO) and Talavera de la Reina (TR) in the province of Toledo. These cities were chosen in light of their size; along with the five provincial capitals we have also included Puertollano and Talavera de la Reina, all of which have more than 50,000 inhabitants. Finally, it is worth noting that our analysis focuses on 2011 due to the lack of more up-to-date information.
Exploratory analysis of intellectual capital
The intention of this initial exploratory analysis is to observe any anomalies in the information and compare the values with a standard city (Std) representing an average of the 26 cities chosen across Spain. In order to calculate this indicator, a mean was established for the value of the indicators that make up the calculation by dimensions, without objectively assigning any weight to the relevant indicators. In all cases, these values were rescaled to values of between 0 and 10, with 0 representing the worst possible score and 10 the best. Nevertheless, the results for the dimensions and type of capital included in the KCI are presented in Tables 1 and 2 , with conclusive information on the features of the Castilla-La Mancha cities versus those of the standard Spanish city.
Generally speaking (Table 1) , the cities under study are efficient in terms of human capital; some of them do not show sufficient openness to the outside though the affordability of housing is above average. Regarding welfare, some specific features lead to inequalities in terms of health and education, with better results for the former. However, with some exceptions, access to culture and the range of culture on offer are above average which suggests that there is still a legacy effect linked to greater illiteracy in this region in the recent past. As for the labour market, bearing in mind that this information comes from 2011 which was at the beginning of the financial crisis, we can see that Puertollano, Guadalajara and Talavera are the lowest ranked cities.
AB CR PU CU GU TO TR Std
Human Capital -Individual Demographics (external openness) 3.0 2.4 1.9 6.2 8.5 4.5 5.1 4.5 Housing (access and cost) 8.0 9.0 8.8 9.6 7.4 7.1 8.6
5.6
Human Capital -Social Health (mortality, hospital capacity) 5.5 5.7 1.8 4.4 5.8 8.1 3.8 4.2 Security (violent deaths, robberies…) 5.9 6.1 6.0 6.5 5.9 6.5 5. With regard to structural capital (Table 2) , we focus on its different components and dimensions, comparing the standard or representative city with each of the analysed cities. Both political and social processes are examined for the analysed cities, with better results for the former. It is worth noting the case of Puertollano, which reveals troubling results in both cases, although admittedly it was a depressed area in the period under study and has shown stable electoral results throughout its democratic history. With respect to commercial capital, the results are not good for Castilla-La Mancha cities; of those cities, Toledo, Albacete and Ciudad Real show the best business capacity. In relation to image capital, Toledo and Cuenca (both World Heritage Cities) clearly stand out in terms of the tourist dimension, and perform well overall in terms of quality of life, with respect to the determinants of income and public safety. With regard to technological capital, there are only two cases of note: Toledo and Ciudad Real. Lastly, the cities in question demonstrate great environmental concern, although actions relating to waste recycling could be improved.
Dimension AB CR PU CU GU TO TR Std
Process Capital Political participation (electoral) 7.0 7.0 1.8 7.3 10 9.4 6.9 5.7 Mobility and accessibility 3.9 3.4 3.1 4.0 4.7 4.3 2.8 3.9
Commercial Capital Business capacity (companies) 5.4 4.4 0.5 3.6 2.3 4.5 2. 
KCI results and comparison at national level
After carrying out the above exploratory analysis, the detailed methodology is applied to the seven Castilla-La Mancha cities as part of the total study of 26 Spanish cities. Table 3 shows the KCI results on a percentage scale (maximum 100 and minimum 0) for both the overall index as well as from a human and structural perspective, along with some descriptive statistics. From Table 3 , we can draw our first conclusions about the knowledge index in Spain. There are no great differences in aggregate terms but the values for the coefficient of variation reveal that the components corresponding to human capital are more dispersed than those on the structural side. In other words, quality of life and social conditions are more unequal than elements relating to infrastructure. In terms of intellectual capital, Toledo, Guadalajara and Ciudad Real have values above the mean values for Spain, while Talavera de la Reina, Puertollano and Albacete fall below the national average. In addition, it is noteworthy that the highest index value for Castilla-La Mancha is that of Toledo, with a value in the third quartile of the distribution, that is, it lies in the top 25% of cities in terms of highest index values.
With respect to human capital, Guadalajara shows the highest value, followed by Cuenca. Both cities are highly ranked at the national level, lying in the third quartile of the distribution. However, the values of Talavera de la Reina, Albacete, Puertollano and Toledo are all below the mean value for this indicator.
Lastly, the situation in relation to structural capital is more worrying given that only Toledo has a value above the national average. Moreover, Talavera de la Reina, Puertollano, Albacete and Cuenca rank among the lowest 25% of Spanish cities in terms of said capital.
In short, the general KCI values calculated are perfectly acceptable for Toledo and Guadalajara, but very unbalanced in the case of Guadalajara when comparing values of human and structural capital. Ciudad Real and Cuenca are also well-positioned, although the former shows better balance in terms of individual components. Albacete, Puertollano and Talavera come last. Figure 2 presents a graphical analysis of the ranking results and shows the worrying situation of the cities of Castilla-La Mancha in terms of structural capital: these cities are ranked poorly and Talavera de la Reina holds the worst position overall.
Likewise, Table 3 offers a comparative analysis based on the rankings of cities, according to the KCI results for the seven Castilla-La Mancha cities compared to the other nineteen Spanish cities. In other words, it shows the national position of the Castilla-La Mancha cities. It only features cities for which there is available data, however, it does include all the Autonomous Communities except the Canary Islands and all major Spanish cities in terms of population.
Analysing the rankings using Spearman's rank correlation coefficient, we can see that the rankings according to KCI and to human and structural capital are very similar, with coefficient values of 0.85 and 0.80, respectively. However, when comparing the rankings according to the two main types of capital considered, we can see that although they are similar in many cases, the level of agreement between the two is not high with a coefficient value of 0.44.
Barcelona, Madrid and Bilbao are the top ranked cities with the best KCI values, and are also well-balanced. In terms of human capital, which encompasses elements relating to demographics, welfare and quality of life, Guadalajara is ranked third nationally and Cuenca is seventh, with Barcelona occupying the top spot. However, it should be noted that differences between the Spanish cities in terms of human capital are very small overall, if we discount Badajoz. With regard to structural capital, all Castilla-La Mancha cities except for Toledo rank poorly.
If we now perform a more detailed analysis of the different components of intellectual capital, we can see how, as we commented above, the Castilla-La Mancha cities are middle ranked with respect to the rest of Spanish cities in terms of human capital, thus indicating room for improvement. As such, it is interesting to determine where the greatest differences lie when analysing the index by components. To that end, Table 4 shows the indices for the subcapitals, i.e. the two aspects of human capital -individual and social -as well as process, commercial, image, R&D and environmental elements of structural capital.
The values for the coefficient of variation for the indices disaggregated into human and structural elements reveal that the biggest difference in terms of human capital relates to the individual aspect and the openness of the population. R&D capital is the most unbalanced at the national level, followed by commercial capital. That is, there are major differ-ences between cities, in some cases driven by the larger size and income level of the city in question, which leads to greater potential for R&D and commercial capital. Comparing mean human capital values for Spain with those for Castilla-La Mancha cities, we can see that the problems some cities face in this respect are a result of poor individual human capital. Only Cuenca and Guadalajara have values above the average, with the latter ranking among the top 25% of cities. However, in terms of social human capital, all Castilla-La Mancha cities perform well, with above-average values, and with all cities but Albacete among the top 25%.
Regarding structural capital, the disaggregated values show room for improvement in all types of capital. The best 532 Based on this information, we can conclude that there are excellent human capacities in Castilla-La Mancha and a good quality of life, but that the infrastructure or configuration of cities can be improved. As regards structural capital, the cities of Castilla-La Mancha generally do not perform well, and specifically they fall short in the following areas:
• Albacete needs to improve its water and waste management, business conditions, innovation and development, and image.
• Ciudad Real has gaps in terms of environmental management, business conditions and image.
• Cuenca needs to take action to improve business conditions and image; it is a World Heritage City and as such it should be able to improve its value for image.
• Guadalajara needs to fundamentally improve its environmental management along with innovation and development, business conditions and image.
• Puertollano shows worrying values for all structural parameters or capital, with serious problems in terms of waste management, image, business and innovation.
• Talavera's situation is very similar to that of Puertollano, with big gaps in terms of technology and business conditions.
• The regional capital, Toledo, has acceptable values in terms of processes and technology, although it could show improvement in terms of image as it is a World Heritage City. It is, however, the city with the best structural conditions.
CONCLUSIONS
For the cities of the future, managing their intangibles will be key to sustainable growth and competitiveness. This creates a need for tools to facilitate the measurement of intellectual capital, which will provide decision-makers with a better understanding of such management in order to guide municipal policies. We therefore present a synthetic index for comparing and analysing cities' intellectual capital in its various com-ponents, based on two human dimensions and five structural ones that measure the effectiveness of actions in these areas. This idea is closely in line with Komninos (2008 Komninos ( , 2013 Komninos ( , 2015 , Leydesdorff and Deakin (2011) and Deakin and Leydesdorff (2013) , but we divide the notion of a Smart City into different key capitals and assign each one the appropriate weight and material composition. We have applied this index to the major cities in Castilla--La Mancha with more than 50,000 inhabitants and also extended it to include all Spanish cities with available data.
Regarding relevant conclusions to be drawn from the analysis of the Castilla-La Mancha cities, it is particularly notable that these are low-income cities in terms of GDP per capita and they are roughly on a par with the representative city with respect to some dimensions, but lower in others. There is a correlation between a city's ability to generate intangibles and its competitiveness.
In terms of human capital, the Castilla-La Mancha cities are middle ranked with respect to other Spanish cities, leaving room for improvement. With respect to this capital, the major differences are found in terms of individual human capital and the openness of the population. In contrast, the situation is worse regarding structural capital, with R&D capital clearly showing the greatest inequalities nationwide, followed by commercial capital. That is, there are major differences between cities, in some cases driven by the larger size and income level of the city in question. In short, in Castilla--La Mancha there are excellent human capacities with good quality of life but the infrastructure or configuration of cities can be improved.
Looking at the ranking of Spanish cities it can be seen that Barcelona, Madrid and Bilbao are the top ranked cities, with the best KCI values as well as being well balanced.
Lastly, policies targeted at Castilla-La Mancha cities should aim at improving the management of waste and pollutants, especially bearing in mind the fact that these are cities with small populations and vast natural surroundings. In the economic sphere, and compared to the national situation, the greatest need is for policies focusing on entrepreneurship and innovation. On the other hand, these cities boast excellent human capital, which they risk losing due to their proximity to cities that rank highly in terms of structural capital, such as Madrid or Valencia.
